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Abstract 
Knowledge on breeding habitat of Aedes species is vital to provide a better understanding of the interaction between 
environmental factors. Mosquito larvae were collected using dipping method from different types of habitat. Finding 
showed that the density of larvae was in accordance of Frequency, Intensity and Duration of epidemic variation. 
There were no significant variation in pH and temperature of water for the three indices. On the contrary there were 
significant differences in dissolved oxygen, turbidity, conductivity, wind velocity, ambient temperature and relative 
humidity across the indices. In conclusion, environmental characteristics may affect the selection of breeding habitat 
by Aedes species for their survival and population densities.  
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Centre for Environment-
Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia. 
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1.  Introduction 
Dengue is known as an urban disease and the number of cases reported keeps increasing yearly. The 
two mosquito species responsible for the transmission of dengue in Malaysia are Ae. aegypti and Ae. 
albopictus. These two species are found in and around human habitations. They breed in artificial and 
natural containers and receptacles which hold clean and clear water. Some of the preferential breeding 
sites are containers such as ant traps, earthen jars, flower pots, drums, concrete tanks, coconut shells and 
discarded tires (Simard et al, 2005; Paupy et al, 2009). According to Norbert et al, (2010), the control of 
mosquitoes at the larval stage is extremely essential to prevent the episode of the disease outbreak and the 
common method used to control the larvae is through the application of chemical such as abate. It has 
been long known that both Aedes vectors are container breeders. Ae. aegypti generally prefers indoor 
artificial containers while Ae. albopictus prefers natural water receptacles found outdoors. However, 
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changes in container preference have been observed through time. Cheong (1967), reported that Ae 
aegypti larvae preferred to breed in ant traps and earthen jars in urban areas and also in tires and flower 
pots.  
However, two decades later, Lee and Cheong (1987), found Ae aegypti larvae in bucket, basins, bowls 
and such like containers and concrete tanks while no breeding was detected in ant traps, tires and flower 
pots. These changes in preference may be the result of the persistent attention of vector control agencies 
on targeted breeding habitat.  
Aedes mosquito larvae require standing water to complete their growth cycle, therefore, any-body of 
standing water represents a potential Aedes mosquito breeding site for mosquito larvae to mature. A 
water quality characteristic affects the productivity of a potential mosquito breeding habitat. Typically, 
greater numbers of mosquitoes were produced in water bodies with poor circulation, higher temperatures, 
and higher organic content than in water bodies having good circulation, lower temperatures, and lower 
organic content (Fock et al, 1993; Murrell et al, 2008). 
Most research focuses on the spatial distribution and abundance of Aedes vectors, but few studies 
attend to characterizing the macro and micro environmental differences exhibited by different breeding 
habitat. Urbanization growth, poor or inexistent drainage facilities, chaotic location of dwellings and 
factories in most towns, influence the mosquito population and affect dengue transmission intensity. The 
distribution and abundance of mosquito larvae actually reflect the oviposition preferences of adult 
females and the ability of immature stages to tolerate the conditions that prevail in aquatic habitats. 
The utilization of the three temporal risk indices enables the identification of risk area of DF 
occurrence. This information provides a clear picture of the epidemic and thus a more detailed 
representation of the risk. From the spatial and temporal distribution of DF epidemic, several 
characteristics may be described. Based on dynamic process of the epidemic, some area might have 
longer epidemic duration while others might have stronger intensity even though the duration is short. 
This situation might be contributed by the persistent occurrence of dengue cases.  
Therefore, characterizing dengue vector breeding habitat is important to determine their influence on 
the distribution and densities of DF cases and thus, explain the variations observed in dengue 
transmission intensity. This study aims to investigate the physical and environmental characteristics on 
dengue vectors distribution and densities by using the three temporal indices to identify risk area in 
hotspot area.  
2. Methodology 
2.1. Study site 
Subang Jaya was selected as the study area due to the high occurrence of dengue outbreak cases in 
certain localities and classified as hotspot areas. There are four sub districts that are chosen to be included 
in the study which covers Subang, Kinrara, Puchong and Seri Kembangan (Figure 1). Several localities 
from each sub district was selected based on the frequency index, duration index and intensity index 
calculated from previous reported dengue cases starting from 2006 to 2010.  
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Fig. 1. Map of the location of Subang Jaya Municipality used in the study 
2.2. Identification of localities based on temporal characteristics 
To assess the DF risk transmission, epidemiological data on daily DF cases between 2006-2010, based 
on criteria stated in section 3.3.1, were calculated to three temporal risk indices for each spatial unit and 
seasonal year which was adopted from Wen et al (2006). Frequency index (α), defined as the probability 
that the total number of weeks with one or more dengue cases occurred during the entire epidemic period. 
Duration index (β), define as the mean number of week per epidemic wave when cases successively occur 
and Intensity index (γ), characterized as the mean incidence of cumulative dengue cases occurring in 
consecutive weeks per epidemic wave that had persisted for more than two week. 
The values of the three temporal risk indices were calculated for each locality and its descriptive 
statistics across the study areas. Each temporal index covered different size and numbers of spatial unit. 
From the temporal distribution of epidemics, several characteristic of DF epidemic may be described. 
Further analyses on the spatial risk pattern of the dengue outbreak were carried out to evaluate a dengue 
epidemic in both magnitude and severity of an outbreak in the study area. Therefore in order to analyze 
different spatial patterns using temporal risk indices, the calculated values of the three temporal risk 
indices were mapped using ArcGIS 9.3 (ESRI, 2009). 
2.3. Identification of potential breeding sites and mosquito larval density 
A thorough search for outdoor potential breeding sites was carried out in each of the localities. All 
breeding site found was inspected for the presence of larvae and larvae density which is total number of 
larvae. Previous study indicated that Ae. aegypti preferred to breed primarily in water storage containers, 
especially water jars, as well as other man-made artificial and natural containers, throughout the country. 
Aedes albopictus prefers to breed in various kinds of trash (Chareonviriyaphap, Akratanakul et al. 2003). 
Larvae density and type of breeding habitat was recorded together with the sample id, date and localities 
in the table form provided.  
Each and every mosquito breeding sites found was identified with GPS coordinate of the site and 
recorded in the survey form. The reading for pH of water, dissolved oxygen (DO), wind velocity, 
humidity of the breeding sites, light intensity, turbidity, volume of the water, the ambient and water 
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temperature, the conductivity of the water, and also the distance of the breeding sites to the nearest 
residential house was assessed by in-situ measurement.  
Then, larval densities was estimated by counting the number of Aedes larvae returning to the surface to 
breathe, within a 100 cm2 light wooden frame dropped into the larval environment. The count took place 
at least 1 min after dropping the frame in water and was made as quickly as possible.  The larval density 
was thereafter obtained by multiplying the number of larvae counted by the area of the water body 
sampled. This was expressed as the number of larvae per cm2 of water sampled. The larvae collected from 
the field will be transport to the laboratory for culture and morphological identification. 
2.4. Collection of mosquitoes larval 
Mosquito larvae found at each and every breeding site was collected for determination of the larvae 
productivity as well as the identification of the larvae species later in laboratory. The collection was 
conducted by adapting the dipping method as described by Claudia O’Malley (O’Malley, 1995). There 
are seven ways or techniques in this method, which depends on the type of mosquito and also the habitat. 
Among these techniques, the flow-in technique was used. This is because it is suitable for the shallow 
water as the expected breeding sites to be found will comprised of shallow water in containers. A total of 
10 dips were conducted in each and every breeding sites found. This is to precisely compute the 
productivity in each and every breeding site (Fillinger, et al., 2008). The GPS coordinates of each 
breeding sites conducted with dipping method will be recorded in the Larvae Collection Form. Larvae 
collected were then being brought to the laboratory for species identification. 
2.5. Larva identification 
Larvae collected from field were identified to determine the species. The equipment that was used for 
identification is the light microscope. The identification was aided by the Pictorial Key for Identification 
of Mosquito by Leopoldo M. Rueda (Rueda, 2004). The larvae are divided into three main parts which 
are the head, thorax and the abdomen. All three parts was observed to identify the setae, the segment VIII, 
the siphon, and the anal segment or the segment X which resembles the parts and segments of an Aedes 
mosquito larvae. All larvae collected were identified and only Aedes mosquito larvae were be taken into 
count. Other mosquito larvae will be excluded. 
2.6. Statistical analysis 
Data obtained from the study will then be analysed using the Statistical Package for Social Sciences 
(SPSS) software version 17.0 from SPSS Inc. The Pearson coefficient correlation test will be used to 
compute the correlation between the ecological characteristics of breeding sides and the productivity 
number of Aedes mosquito larvae. The Analysis of Variance (ANOVA) test will be used to compute the 
ecological characteristics differences towards different breeding sites. 
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3. Result 
3.1. Identification of hotspot area using temporal risk characteristics 
 
Fig. 2. Mapping the values of three temporal indices (Frequency, Duration and Intensity) with observed spatial unit, the darker areas 
reflect a higher value of that indicated index and the locations of dengue hotspot are shown as circle areas 
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Table 1. Study localities based on the dengue cases reported from 2006-2010 
 Temporal Indices Localities District 
Frequency PJS 7 Subang 
PJS 9 Subang 
Taman Puchong Perdana Puchong 
Taman Puchong Indah Puchong 
Taman Universiti Seri Kembangan 
Taman Serdang Jaya Seri Kembangan 
Duration USJ 11 Subang 
USJ 6 Subang 
Taman Kinrara Puchong 
Bandar Puchong Jaya Puchong 
Bandar Puteri Puchong 
Intensity Kampung Batu 3 Puchong 
Taman Kota Perdana Puchong 
Taman Subang Mas Subang 
USJ 14 Subang 
Taman Serdang Jaya Seri Kembangan 
Taman Sg Besi Indah Seri Kembangan 
3.2. Habitat characterization of breeding sites based on temporal risk characteristics 
A total of 156 potential mosquito breeding sites were examined where 95% were productive with 
Aedes sp. From all the larvae samples, Ae albopictus was the most dominant species across the study site. 
The larval densities of the different temporal risk characteristics are shown in Table 2. The densities of 
larval breeding is in order of Frequency >Intensity >Duration. 
Table 2. Larval densities of the different temporal risk character during study period  
Mosquitoes species 
Temporal characteristics 
Frequency Duration Intensity 
No. of 
sample 
Total of 
larvae 
No. of 
sample 
Total of 
larvae 
No. of 
sample 
Total of 
larvae 
Ae. aegyptie 12 194 2 89 5 170 
Ae. albopictus 45 1289 38 1242 47 1103 
Others 4 93 1 52 3 55 
Total 61 1576 41 1383 54 1328 
Table 3 shows the range and standard deviations for key parameter of the Aedes sp. larval breeding 
habitat based on different temporal characteristics of dengue outbreak. Based on the result obtained, there 
is no significant variation in terms of temperature and pH of water for the three indices. On the contrary, 
there is a significant different in dissolved oxygen (DO), turbidity, conductivity, wind velocity, ambient 
temperature and relative humidity across the indices. 
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Table 3. Range of key parameters measured of the larval breeding sites based on temporal characteristics of dengue outbreak 
Key parameters measured 
Temporal characteristics (Mean ± SD) 
p-valuea 
Frequency Duration Intensity 
W
at
er
 c
ha
ra
ct
er
is
tic
s Water Temperature (◦C) 29.47 (1.54) 27.67 (1.52) 26.68 (1.62) 0.99 
pH of water 7.02 (0.29) 7.06 (0.67) 7.09 (0.40) 0.74 
Dissolved oxygen (ppm) 4.18 (1.73) 4.19 (0.70) 7.42 (1.56) <0.05 
Turbidity (NTU) 54.94 (51.20) 61.10 (46.67) 108.85 (150.61) <0.05 
Conductivity (μS) 204.88 (174.86) 148.98 (169.28) 188.82 (153.86) <0.05 
En
vi
ro
nm
en
ta
l 
C
ha
ra
ct
er
ist
ic
s Light intensity (klux) 10.45 (9.84) 6.44 (4.77) 8.59 (14.67) 0.22 
Wind velocity (m/s) 0.43 (0.26) 0.36 (0.24) 0.16 (0.24) <0.05 
Ambient temperature (◦C) 31.50 (3.08) 29.80 (1.60) 31.25 (2.35) <0.05 
Relative humidity (%) 69.17 (13.85) 79.62 (8.59) 61.83 (11.92) <0.05 
a p-value by ANOVA test 
4. Discussion 
In tropical and subtropical countries, dengue is the most important arboviral disease in terms of 
morbidity and mortality (Troyo et al. 2009). Rapid urbanization, high population growth rate and 
globalization have all been major factors influencing the current pandemic through indirectly providing 
and creating more larval breeding habitat and consequently increases the mosquito density of that 
particular areas. Ae. aegypti is more prevalent around human dwellings and is a principal vector in urban 
zones, whereas Ae. albopictus serves as an important vector in rural and undeveloped areas (Thavara et al, 
2001). Ae. aegypti prefers clean water found in many types of domestic containers inside or near human 
dwellings, whereas Ae. albopictus is more likely to be found in natural containers or outdoor man-made 
habitats containing abundant amount of organic debris (Chareonviriyaphap, Akratanakul et al., 2003). 
The contributing factors for re-emergence of dengue with increasing intensity and magnitude in 
countries with dengue endemic are complex. A wide spectrum of causal factors includes climate 
variability, distribution and infection rate of vectors, transmission rate, herd immunity, public health 
infrastructure and vector control strategy of dengue endemic countries. However conclusive reasons for 
the increase in dengue incidence in recent years are yet to be established.  
This study utilized the three temporal risk indices to investigate the physical and environmental 
characteristics on dengue vectors distribution and densities in hotspot areas. From the spatial and 
temporal distribution of epidemic, several characteristics of DF epidemics may be described. This study 
used the three temporal indices to retrospectively map the spatial patterns of dengue cases and to identify 
possible risk areas. Due to the nature of epidemic which is a dynamic process, it is important to identify 
spatial risk areas through the use of different temporal risk characteristics. For example, some area might 
have longer epidemic duration while others might have stronger intensity even though the duration is 
short. The high value for each index was represented by the darkest area. The classification of the spatial 
unit according to the temporal risk indicator was enough to retrospectively discriminate these areas. This 
corroborates the hypothesis that factors inherent to these sites may facilitate or restrict the transmission 
and/or maintenance of the disease. 
It was found that the selection of breeding habitat for mosquito survival and population dynamics is 
dependent on environmental characteristics. The result in Table 2 suggests that the distribution and the 
abundance is in conformity with the results presented by other authors from various studies (Thavara et 
al, 2001; Oyewole, Momoh et al, 2010). Breeding habitat selection by Aedes mosquitoes is one of the 
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most critical factor for its survival and population dynamics, indirectly causing crucial implications for 
the control and reduction of dengue transmission. It is essential to know the key components of the 
ecosystem that will affect the distribution and abundance of mosquitoes. One of the key components for 
breeding habitat is water quality whereas it may affect an oviposition process and the completion of the 
Aedes species development stages. (Piyaratne et al, 2005; Oyewole et al, 2010). The result from the 
physical analysis showed that Aedes sp. exploits a wide range of breeding habitat with different temporal 
characteristics. This probably reflects broad environmental adaptability on the part of the Aedes species.  
Although there was no significant different in pH across the indices, pH of water has influence 
osmoregulation and oxygen transportation process in mosquitoes (Umar and Donpedro, 2008). A pH 
variation outside the range of 7-8 could be used as a tool for management of this vector. Manipulation of 
the pH for formulation of preferred breeding habitat could be used to control this mosquito where 
breeding habitat reduction is not possible. 
Besides temperature, wind velocity also has a significant role in the increasing dengue incidence. 
Increase minimum temperature and decreased wind velocity were associated with increase dengue 
incidence (Lu et al., 2009). In another study, a negative correlation was found between wind velocity and 
mosquito density (Yasuoka & Levins, 2007). Increasing wind velocity generally causes a decrease in 
mosquito flight. This effect could be attributed to a reduced mosquito density due to higher wind velocity. 
Relative humidity affects the survival of mosquito eggs and adults. Newly laid eggs are subject to 
desiccation and the adults to moisture-related reductions in survival throughout their lifetimes. At all 
stages, the strongest humidity reaction was an avoidance of high humidities above 95 per cent R.H 
(Thomson, 1938). The development cycle of mosquito in rainy season was the quickest. Apart from time 
taken for the developmental cycle, the number of adults emerging at the end of it was lower in the hot 
season than the cold season (Thu, Aye, & Thein, 1998). 
Ecological information about the breeding habitat of disease vectors is without doubt important in 
vector control. This is because the temporal and spatial distribution of vectors is strongly affected by 
environmental factors usually a limited number of so-called key factors. Many attempts have been made 
to characterize mosquito habitat, with little success. This may have been because of inadequate 
quantitative measurement and analysis of environmental factors while purely descriptive landscape 
ecological approaches are generally not suitable for quantitative analysis. 
In the absence of effective vaccines, one of the most common methods to curb dengue epidemics is the 
control of the vector mosquito. Control of dengue in tropical countries is mainly achieved through 
surveillance for Ae. aegypti and Ae. albopictus larvae and eliminating larval development habitats, with 
the attendant use of insecticides and public education. In addition, many approaches such as vector 
eradication programs, chemical control measures, environmental sanitation with community participation 
and biological control agents have been used to combat these communicable diseases. However each of 
the control implement had failed to prevent the dengue fever from re emerging into the same locality and 
to the worst in which introduction this disease into a new location. Based on previous study, chemical 
control used to eliminate the vector but the reduction of female mosquitoes was transitory and the 
mosquitoes develop resistance to many insecticide. Meanwhile for biological control, it main drawback is 
that the predator has to colonize the habitat of its prey in urban environment, thus there is a lag time for 
its establishment and repeated application is needed for effective control. A further and details research 
regarding on the innovation of new approaches with or without the combination of old and new strategies 
is vital in order to eliminate the transmission of dengue throughout the country. The water quality 
baseline data obtained from the study will somewhat assist in the development and intervention for the 
future mosquito management programs especially at the source reduction stage.  
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5. Conclusion 
Although there is extensive body of literature on various areas of Aedes breeding habitats in the 
country, there is none published investigation of the association between water quality and vector 
breeding. Data obtained from this study will serve as a baseline for the control of the dengue vector 
mosquito. In conclusion, physical and environmental characteristics exert a significant influence on 
mosquito breeding habitat selection among Aedes mosquitoes. These preferences could be exploited to 
develop novel technique to deter oviposition. 
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